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1 Introduction

This contribution provides an overview on the solution for automated optimization of coverage and capacity. Rationale, details of the procedures, and exemplary applications including results are provided in ‎[1]

 REF _Ref227077767 \r \h 
‎[2].

Main objectives and required functionality of this use case are to provide coverage in a balanced way for uplink/downlink and, as a second order priority, to optimize capacity, as well as to avoid reference signal pollution ‎[3], i.e. areas with high inter-cell interference. In technical terms this means providing capacity optimization within given requirements on coverage and avoiding excessive cell overlap.
2 Optimization Parameters and Triggers
A basic coverage and capacity optimization is initially done by network planning. For a given set of sites and chosen hardware deployment, key optimization parameters to ensure coverage and capacity are the downlink transmit power and the antenna tilt. 

The setting of power and tilt during network planning is based on models of the environment, traffic and propagation, which all are a first source of errors or deviation from reality. A further source of problems is the deployment itself. 

Apart from these potential errors a further source for inappropriate power and tilt settings can be changes in the environment, e.g. construction/demolition or seasonal effects (foliage changes), which might either cause coverage problems, or large cell overlap.
Additionally changes in power and tilt settings can be required by changes in the network topology, either planned (cell/eNB insertion / deletion) or unplanned (cell/eNB failure).

The basic goal of self-optimization of coverage and capacity is to support and improve the planned power and tilt settings by means of knowledge available in the eNB during operational phase.

As changing power and tilt of one cell will impact coverage, load and cause handover in at least the surrounding cells, such and adaptation needs to be coordinated among multiple cells and shall only be performed infrequently, i.e. only be triggered by:

· changes in NW topology,

· slow environmental changes.

Coverage holes detection can be based on RLF reports ‎[1] and HO statistics (e.g. excessive amount of HO failures or inter-RAT HO in areas where they are not intended).

Signal strength statistics obtained from neighbour cell measurements can be used to detect excessive cell overlap and interference ‎[2]. Further indication can be obtained from high handover rates either between two or more cells.
3 Architecture and Functional Split

A functional split involving a centralized algorithm is proposed, due to the following reasons:

· change of power and tilt needs to be consistent with network planning, which is a centralized function,

· change of power and tilt need to be coordinated at least with the surrounding cells in order to avoid unwanted impact on coverage areas, load and handovers. As therefore many cells need to be considered and coordinated in this process it is easier to achieve with a centralized algorithm,

· de-centralized algorithms have to be carefully investigated with respect to convergence, stability and consistency with network planning, and they should be under stict control of a central entity,

· algorithm will benefit from information already available in central management entities, e.g. overall traffic situation,

· only infrequent adaptation of power and tilt based on infrequent / very slow changes (changes in NW topology and environmental changes) will be done. 

Apart from the algorithm itself, further central functions are required, such as:
· enabling/disabling, configuration, and monitoring of the power and tilt adaptation process.
In order to detect coverage holes and excessive cell overlap the following de-centralized functionality is required in the eNBs

· interpret enhanced RLF reports as discussed in detail in ‎[1] and forward relevant information as appropriate, i.e. to the central SON entity where the coverage and capacity optimization algorithm resides in case of coverage issues, and to the correct eNB in case HO parameter need to be adapted.
· gather and report signal strength statistics as configured by the central entity

· reset statistics after indication from the central entity (necessary to build new statistics after changes in parameter settings or NW topology)
4 Summary and Proposal

We propose the following statements to be included in ‎[3]:
· coverage and capacity optimization shall be based on a functional split involving a centralized control,

· primary parameter for coverage and capacity optimization shall be downlink transmit power optimization and remote electrical tilt optimization,

· downlink transmit power and tilt optimization shall only be performed based on NW topology changes or slow changes in the environment, such as construction or slow seasonal changes. It shall not be performed frequently or based on faster variations, such as changes of spatial traffic distribution.

· relevant input data for coverage and capacity optimization are enhanced RLF reports, HO statistics, and neighbour signal strength measurements.

· required functionality in the eNB is 

· to interpret enhanced RLF reports and forward relevant information as appropriate, i.e. to the central SON entity where the coverage and capacity optimization algorithm resides in case of coverage issues, and to the correct eNB in case HO parameter need to be adapted.

· gather and report signal strength statistics as configured by the central entity

· reset statistics after indication from the central entity (necessary to build new statistics, e.g. after changes in parameter settings or NW topology)

An associated text proposal is provided in chapter 5.
5 Proposed text changes in TR 36.902
*** Omitted part, kept unchanged ***

4.1.2
Required functionality

To achieve the above objectives, following functionalities have to be implemented:

· Detection of unintended holes in the coverage (planned by the operator and technically feasible)

· Coverage optimisation, including:

· DL channel coverage
· UL channel coverage
· DL and UL channel coverage match
· Ability to balance the trade-off between coverage and capacity
· Reference signal pollution optimisation

Due to the fact that optimization concerns broad areas, the optimization algorithm is expected to be under central control. The algorithm is expected to react to network topology changes or slow changes in the environment, such as construction or slow seasonal changes. It shall not be performed frequently or based on faster variations, such as changes of spatial traffic distribution.

*** Omitted part, kept unchanged ***

4.1.5
Solution Description

4.1.5.1
Input data, definition of Measurements or Performance data
The optimization algorithm will operate based on:

· Enhanced RLF reports

· HO statistics

· Signal strength measurements collected from UEs

· This information has to be collected at eNBs. Therefore, an eNB must fulfill following requirements:

· to interpret enhanced RLF reports and forward relevant information as appropriate, i.e. to the central SON entity where the coverage and capacity optimization algorithm resides in case of coverage issues, and to the correct eNB in case HO parameter need to be adapted.

· gather and report signal strength statistics as configured by the central entity
· exchange relevant information with other eNBs (in case of de-centralized mechanisms)
· reset statistics after indication from the central entity (necessary to build new statistics, e.g. after changes in parameter settings or NW topology)

4.1.5.2
Output, influenced entities and parameter
The parameters to be optimized in this use case are:

· Downlink transmit power

· Antenna tilt

4.1.5.3
Impacted specifications, procedure interactions and interfaces
*** Omitted part, kept unchanged ***
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